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(54) COMPOUND SEMICONDUCTOR ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stably provide an element 
having superior characteristics by providing a double layer 
active layer, composed of a crystal composed of group III 
nitride compound semiconductor containing indium and a 
base layer 2 composed of group III nitride compound 
semiconductor material, having electron affinity lower than 
the crystal. 

SOLUTION: A crystal 107 is formed of gallium nitride indium. 
Immediately after the gallium nitride indium crystal 107 has 
been formed, a flow of indium source associated gas is 
reduced, a gallium nitride base layer 108 doped with indium, 
silicon and zinc is formed, and an active layer 104 is formed 
of the crystal 107 and the base layer 108. Thus, an element 
having superior characteristics is obtained by using the 
active layer composed of a plurality of phases with separated 
crystal and base layer, without using group III compound 
semiconductor layer which is composed of a uniform single 
layer, wherein the indium concentration incapable of stable 
formation is uniform with uniform donor and acceptor 
impurities. 
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fiii^ (c on.du.c_t i on. b an d). ©WitroiS 
$ (*7Hry koff-set) (CiJ(?*SS1-* fc© 

[0 0 l 7] S#g<he a B B #?r«fi!c-r^lll Ilftift 

^¥3ww*4K*?8Stfj©gg*tt#-r *©t±, a 

^SPD^SrSm^ffiilf *d£-C\ fefkfct 

®wmt<Dimim^m^'<v\--<DT-mm®. (dis 

continuity) fcS^S-a-'SfctoTfc.S. '<> 
KO*7t7 h (o f f-s e t) ©JIMlcJ; Offi&Tt 
( I ow-d i me n s i on) ©^ftjfc.lt^&Bli 1 !? 
0**';T*|iJ*-r*fc»T&.&. <£^©&tc«W:, 
fi»©M 0 D F E T*^ijffl-r* 2 jfcTC^Fg (#X) 
(two — deimensional electro 
n gas) (Dffite 2 ifcrc-f «fc 0 ffi&Tt© 1 &7cW/<i t 
©T?**. IP*>, if K7h (dot) tcjfctt-Sm?© 
ffi&7cWftlS&fi^£f'Jffl1"S&©-c , £>£. i)E?t,* 
?gB)i©E^ B B a {*;©*# Stt-a-iMf ^ft+-*- / y 

(nm) mwmzmm-mmt&ikW'nm®. 
wbi&utLx^ m#Mt&g&to&M inm x 
m& $ ti * _tp ana ^ l t ©s& turn l T^7t?is 

(cffin-5^3tJlf £f#£;i:|El(;:(±l£fc> •) i±/_h\, 
[0 0 18] /<>K^aU8litt&36dfeS-ti:-5©i:fif-a-T, 

*j¥3M*-c<tt, mm (Zn) . 77^-/^ (Mg) , 
U -}A (Be) V* h'5 ->A (C d) H»7C^ffi 

*. mm (S i ) , y;uv^f A (Ge) , ff 

( s n) , mn ( s ) u> ( s e ) m<o%\m&xf 
smwijimimmi-znm (k-*— ) ^m>ix&%. * 

»"lifcftfc*ffittJi©1ft££t±, ilfl (Zn) Sr^fili 
tt'Kttf^A (GaN) 

«fc "9 i> {£SI6iIffi©M{t;# U -7 A • -f > v ? A ( G a ,. 
I n i- z N : 0 ^z< l ) &_%&_;© 2 *Bfr$>#* {,© 

coo 1 9] mtmt&g&wm^%.m i -btts.&7>;*. 
*wmmte&fe&mz%yLmtLxmmtz>mitmt 

*#4fcto©J_WT**. £©f£Bli, 5E3fc**«:ift4 3 
0nm~4 6 0 nm il^ff fefgftlJtf £0iJ(C-f tltf, 

*5IBflTft±, tfeJE*£ffl©i£ttB©ISIPj&<2 Onm^i 

z.zm-s&tm&im^m'Stfrtii-t. mttz># ( to 
0 2 4 ] rmm) . >y>A#wea*t± a s - g r 
own&mxHmmm®(D$km±ic®mLxBf$.zti% 



(6) ttH¥ 10 -10 7 3 1 5 
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I±Cgffii«)»J: 0 fc!EiwB5ST©»£J**3_-f 1 1 
1 a{bMt^¥MM*<!&£ i $ ft -5. 8 0 

ox:&@x-rtmtJ> , $iitJf>) ^ a • <>->-^ Ae B e a ^. 

St>SJi#fre**gttJ_.±(;:, 1 0 0 0t£8*.*i& 
ar-j5g||-r-s.ii{tT;u5-^A • ^a{IbI)S*±SP 

9i? b'mtLxBtii-tz&&tfz.taz.m%i-z (mi 

#BS) . £©ffiiW±^©^T©J^£#*TiSttJi 
0Sa8t«:SSiaH«Tl-» L /citric. eiWfccSW S*i 

10 ©*£(!, mis)lrt(=}IMl£*KJ:")a«-f*«|p|A«5$* 
-5. dft(;:«fc »)|_HW!S!o-( AjigtifiT-T'S 

mm > ->* ■> i*mmtzi$m-t *^s<*:©fsa*<« / j? 

ft £ l&Lb-f <& to lc#5£B£ r*(iS#:® \z Wi^'b 

mzmm (zn) mn%\\m-mn*u&z# 

20 r, JS B B B #^^©^)t?$e©ll/|N?rSg^L. gltLT 

[0 0 2 0] S#:Bi3tWfe^©5l3 , fc$rt/-ct.-r^7c 
*'QSr#ii $ *titf , ±12©«^g B B B #©#MSa©fS 

T^D©_ir^-7 v AH©^|gJilMB»lCjK!t-5»S 

;U5^y-tr>x (J. Luminescense) N 
J_ ( l 9 7 3 ) , l I 4 — 12 6H#M) . 
30 #±S7c«r**>-I.J--Df^A (Eu) (4*tfe^«c©. 
iS^ST^^W^v (Mn) \m&MWL(n%.?t^\j 
bLXfabtiX^Z (Czech. J. Phys. , J3 
i_0_(1970). 46-55 H#M) . . ffilflli 
SJ«ffiCftn*»fi4 5 0 nnufifgOWfefETtSrS-f -£ 

*s B B B #©i^gi5(ciif^i^it 

iKto*: ( 1 . 3 3 A. 1 . 4 4 A) XiSSAM (419. 
4 7t) ©^iS5:iifi|(c#ft$-a-^i:. ^ B B B ft©^#$ 

<SJM*©***(±. >U=i> (Si) SyfcttfcooTS 
40 aj*n*«(^3t«S(cIE5#«r4>t* (J. Lumin 
e s c e n c e , J_L ( 1 9 9 3 ). 1 ~ 4 H) . i^ B B a 

otitic I, \ «jJ:V«(tM/Jx-f « (±IS© 
J. Luminescence. 5 7 ( 1 9 9 3 ). 3 

*ftfcSfSLtti\ f^T, *^T*t±* 5a B B ^J; 0 t>9 
50 #W©ffi|SH©T ^•ty^-^tl^'iW^Tti:^ 



(7) 



*SH¥ 1 0 - 1 0 7 3 1 5 



CM $ * * T ? * 7' ? -^$#j©»Kttv its 
(Zn) *«lc-rn«, Ml 0' 8 crn- 3 ~8l 0 2O cm 

[0 0 2 1 ] mfomit, ttJMtJ: 0 t>*F*S**i:-*- 
4. C©SWI<h*Sf B ftt©m?^a©IW&;&Wc$n 

I * K -*>6to «r K - e > L T c © Hft 4 &j£ L T t> 

^MKS*V>-r, [S i ] / [Zn] WgJt£l/l 0 0 
~1/200£LT, (S i ) 

©^£^©^CJtLTtfriiW;:/hfc**©T(±fc 

< (0J;Uf, ±ie©^^j(i*^r. ©#M¥4 - i o 

6 6 5^-Stf®«f08¥4 - 1 0 6 6 6^ffi#M) , $ 
CS* ( S i ) m<D K*-*il*ft©WS«:Ett ( Z n ) 
«©T^-fe"/^-??ie|jj©WtJ:i)^:4:-r*. SftH© 
h*-*— 2 ©HStt* SfMFflK K-J— 

+ +• 'J7©jSjt(cag£tt4-t-5fc*!>T-;fc3 0 W*H£: 

i\ IP*., ?^-e*+UT?itt* < taif^-es.^t. is 
©$iKft&ffililK&$£ £©$&*£&#:£« 

w\zm.Lx&*)m=?-®.mt)$:>bt-tz>\\\ wmitmt 
so e B B B #;©^ti<i: o t^t-r*. 3&ie©$?£ l 

l^fU7iatt«ft, ftl 0 16 cm- a ~Rl 0 18 cm 
• 3 f*oT, SCM* L<t±^R, fi5xl0 16 cm- 3 

-155x1 o i7 cm- 3 otiT*«, gttttiwu 

[0 0 2 2] §#»#©Sg#4Mja^©fg#3&8:£!Eu: 
Hflns-tir.&fcfti;:, *^-et4-f A (I n) *m 

#mz&tEi<*t%. 4 >->*•> A t4Si*B©^figB#{cSL*. 
KMfe&D (K-fcT>$0 Lttib*i\ sg^li. &iB1" 
6#icgffli^fi©]gil(;:ail$ n/-ci§£\ stciHi^M 
SIC «t o rested fcWWflNSlffitt L -< > v 

*fc»©#*UW >->*->A©&Jt(±, 8xl 0 l8 cm 
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" 3 ~4x l 0 2O cm- 3 ©|gH-e**„ C©ffj£©-f >v 
■> Ajg|gT-{±. > v $ A^IHg 5:Mtl. 

XHtM\,\_M$B£ V-eyrLtzWfr.ifi) ?_A)itf^.©._ 

;U5^-y-(r>X^$St4, 1 0' 8 cnr 3 ~l C'cm' 3 

tt<5 1 0 ,B cm- 3 gg©-T>i;^A©^ 

[0 0 2 3] H3£&A#£$ffl|©2ffifr&tt4;£% 

ffitt«©«ffiS:^1-¥B«BC0-i?**. ( 1 0 

7) tci±, £ft^^ra«#^£S<tt^©«*©Wg©*> 
©##£-*- « ^\ TOttg!c^(4^H £2fr©£ 1 1" * fttt 
©*tt#A*±fc«fc©-e*4. iK B B B # ( l 0 7) *IST- 

tm-t& iz, &z&w±mmm%.X'gti.^imftj&w. 

20 ^©gttl * o T , ^ B B B #:©^; ^ $ li-f > v ^ jft£fct 
S<«©t±<Sft<*:©3ftffiSUE^ttWS«[-C* *. ISA#© 

a®«g)ci > a ws«t«ejn*:©«fi!tjafl:ic«#-t * .jg 

^.-S(tI|SlU*-i. 0 Stt)l(49#:ggic^(±li B B B #:©Hn^ 

^> 5 o%&Mx%f$,tttt7. mfomttfot txm 

fiE*n4gSttJPK*^rtt, Sft® (10 8) (ilS B B B #; 

(107) ©a®«:sa-r«4<»<Eas*irv^«^ 

30 (@3#M) . ilSS<*4«±te*«ffilt 

o 8) (omw-itmm'&mommtti^. 

[0024] as-gro w nttl*T^»Mi#a 
(rtWBl) ^-f*oT4, es#©}g«iat«t "9 

©«8W&^t*fc»lcJSttJiS:KiHI«TtS ^-f 
Stt«©ffMS*sE^t±-E-tiJil±©?SST^M 

40 a (y--;naa) is B B B #;©^«tiiiisw 

X Y--7'nBmt1f 'J Ag±(C 8 3 0 1 T-Sttg^ff? 

t'vT"!) tLTltaLfc^, l l 0 Otic 2 5^K& 
»ttT#fflU H?Sat? 5 ^P B ^tiL/c»lci5$^^*S B B B 
#©JBtt©^tS:«iCfl ( !j^S1-. ^ ©**^*S B B B #:©ffJtt 
HWffiTEM (Siim^glSSii) ft?i^©. l9offl& 

zm{mxw.mx%z>^mxMmx£& 0 a s - g r 0 

50 w n tt^T- liBg ^ gg^IS $ tl « t ife B B B i* <t (Oft 



ffi (£ii#0lttt) **, fefittfrfcHfi-e-f >->*9 A# 

-f >v 9 A»££t*r«'J> I- X 3 > r- 7 X r 
TL/cCi: icjtdlS L T $ la fB^aRlc !±?gs2 $ ft& < ft. 
{ifi#;fc<&o LfrU 2 x 1 O 5 &fe(0{SH%r~&MM< 

mmi-zt, TtimtLtzmtif<)<yt*m o o 9) © 

®m ( l l 0) tcti(JWLT#te1-^gtt)g ( l o 
4 ) ft©*&?« ( l l 0 ) ©*(clSitttro^ a #: ( l l 
l) ft -5. Cftli, as-g 

r o w nttffir-SttTS. -p fc^f B #:^g^(c J: •) W££ 

mttsittzhox'&ztvmzntz. mzt,tm$Lx& 

&tZ$£ikfa ( l 0 7) M§S!;:St!£L/£i©t>l8i6<i 

ft*. SffiiWroi' ##TBj£©«?^ 
itttt (-(ISBS^ : »*t«K) Ktt^LfcEPMA (E 1 
ectron Probe Microscope) (c 
cfc&ffitftfr&KftftCi, Tfli!©nff?gft#y 9A]f ( 1 
0 9 ) t&ffll (10 4) tORWT-lSiK. , SttJI©Ji 

©fiStf^li. Kifi8UliT'M&»ilK«fc*-r >v9A# 
titSAtt ( 1 0 7Rtf 1 1 1 ) j^^OWM (10 8) 

ft S>tf, a s - g r o w n VU&T'J > v 9 AiigffilOT 
■W^|a|K3«£ffiBHC##»H\ Mft#y 9ATH!! 

«SfUK:W¥tt-f s SftW £ /t-T * . 
[0 0 2 5] 2ffi»£©'ffittJBt±. ft© 

ft. 111 »OT*©g*4©0tfi8W«*^©tl«&S:-«pffjl: 

<«*&U tfftli©j£ftN£frr*li(;:(i-r >v9 Aid£ 

ti5r«ig-rft^*^(cD+ ■? ffittn zmzzt #x # 

&it*t)glil^©?£ttlf©ttt*l© 

te*Mifi«»C'f >->-9 z&ikwwmts ft, * 

4 H#H:WIB1 L fcft, B^Of* bti%>7 9-te~X9—^ 
Vmoi K— f > /£j!i6H+tf „ -f V v 9 A £ *C?W6 

si t £ h tz h -tmfom mm £ ft 

ifcft, Uttlll ^{bft{t^¥*#ro#*faOT*©gtt 

*?©(Bffltti*fFU <fc outer-;* 3 &©t*£>.&„ MO C v 
DSC* o Ttt, g*4S|ro«fiSieS^©S*a©«f Br, 



(8) #BI¥ 1 0 - 1 0 7 3 1 5 
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(J, -fvy^A^Hwilfijtrx^^i/X (plus) W 
izmmzim+Ztm (J. Crystal Grow 
. . _ t h_ , J_l ( .1.9 8 8 ). , 2 0 .1 ~ 2 0 6 H#M) £#J_ 
ffll-T, ^/J^^ B l^*?rgttJiF , il©^fiiB(cMr4 ] L,r 

y>Xft(C7'nr7A±T-Sft-ffttf, SOBK-r (m 
odulation dope) MRty&gt 1- 7 >vX 
? (MODFET) ffljfc©£Hr'-evriM«W0J3c 
RteHSWfcWffl 3*1*^1/* (<5) K- 

io (m&zr'ivmmjizmizmtzitzijm , §e 
$mt<DffiizB.w2ntzmm% (yt^-) onnc 

MlcH*fe$ft'l.'' < :;U7*©P^EflgeiHiv^-y ^-©^Ht 

20 &mmzoKW*.ti$L%®.m±ttm:ir, znzt& 

X&ZZtlZWfrX$>& a 

[0 0 2 6] 06l±*BWcffifeSgttJg«:MOCVD 

Wl-/T^L/it©T-S>-S 0 m&iSitif 'J A • >■>•■) 
A ( G a z In,-, N: 0Sz<l) *<s>tt£J£A#0 

jRH±ic , M(t# u -y a - >r > ^ a «t o m^mmti & 

^/ht-f-SMtttfU^A (GaN) *^?.<t«eftJiS: 

30 -<X*Bt U-T*S a e B #;i:e#:*i© 2 *§*^^*Stt^S:Jg 
fig-f •Sli'&(^b'&t©-eS,-5. -i->v7Ag (1 l 
2 ) RtfjtTU ( 1 1 3 ) -BffihL 

r, nu ! ^«:n^-r«ic£<si$nfi(|/j:MPi ( 1 1 4 ) 
bm&*^tmmx*&%. ^.^mz^mrnxm 

iziuyw^m (112) ti/'J^Al (1 13) t 

zmzimLxj wju&mmaM. ( i o 7) tmrn 

■tZ. )5!cft*»r©B#W (114) ZSj&LXMFm ( 1 
0 8) fctfcft+aKHKMoTtl, -f Vv7A^ ( 1 1 
2) ©(ft^5rJi»TLT, «»Uffi»«:$tfyy5 1 ;i/S» 
40 ( (CH 3 ) 2 Zn) f>yxf« ( (CH 3 CH 
2 ) s Zn) Ht^Jt^iCfttt-fffilftOK-evyjirx 

(115) tLxfiL&jtozmwb. mmo7 9M-f 

I?© Kf— ^ttti© K-/<> (116) ?r#A-r 
C ft «t <9 , Sft* 'J ^ A • -i > 9 A**a s B #: t SIS 

jsEtl (T^-tr^-^Mtl) t± lffltcti(g£$ft/ii% 
K-7— ^^©^DlzJzoT, «f«©n)fj*-f 'JTiS 

50 S <«?■!£) «:»Jl#©**iJ:iJ«>Ji«ttefla*-e* 
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[0 0 2 7] *38BBK&b*ffittB£^ll?fflj4©fg 

tt. ffi^3U£#89 £*««£*© p 
TDt^4:Mt^roA1#»T-*^. nff^ill JSMfb 

*fr*t^T*©f8^©«£*S*Ja"Ffc 

^fo (DH) Ste*Sfc®fiit&fc£tfjg£JRfcJi 

©«tt»©«$£tSHjrf<5>. IP*., (A) f>v7A|& 
figit* 2 % ( 0 . 0 2) &±2 0%JaTfc-f-5g{t#y 
7 a • ^ >v7A (Ga.l ni-, N : 0£z< 1 ) IS 
Hfti:. mt7)ll-l* ■ if') *) A (Al x G a ,- x 
N : OSxSl) frf>&SSftJl© 2 OSttJI 
(£5fcB) 5rM-t-5^roT-*>^ 0 (B) -fvy^Afi 
$Jt£2%(0. 0 2) J*Lh2 0%yCTbt&Witif<) 
7 A ■ 4 >->'7A (Ga z I n,- 2 N : 0Sz< 1 ) @ 
H B B »t. @&A#J: 9 fc*lll!OT**S5Sfi»;:£lrL-fc 
-f >v^A^Dn^g{tT;U5-A • if') 7 A (A 1 x 
Ga,-« N : 0^x251) a^ft-SS&Ji© 2*ffl?|jiJ: 

{mm) *«Wt+*toT*«. (a) &i>* 

(B) WcWtu »fiR*fe3St©a«ft5fet*?©ffitt 

* *. -r > •>• 7 A©®&jtt*±ie©$o < ja»±©s»tt 
in Ma»b«i{b^**aM*;^6««-r*A«, i§a#©j£ 

U\, i£A&fc3{b!f 'J7A±f;:jg 

fiR-f «*H£gfb#',l 7 A (GaN) frb 

flfiR-f U\ HI 3 Cip Lfcfc] < , ^ H B B «:l±» 

itSHb (TUMI) ©Hffl±K£WfM£tu &Att©$ 
< (i-e©lSgBT-T*®£«fttLTi>-i.. gAttictt-f > 
v 7 a snr^Sfcft, TiMWIg Af* t ttft^ 
fi^Ltti^Sfbtry *ju-eihz £> @A#©JgSB£(ife 

^mRSo-I-H o *S B B B ft K ttTlftH t Sftt 



(9) &r*W 10 - 1 0 7 3 1 5 

16 

tt«C* o T, ^mX'im^Wi\^9:X LT$g B B B #£ 
9.) ©@-{b£fcfc<E>U ^ft^-tlo^x 

[0028] *%wimtoz%&m<r>mmmt&-im 

(a) nmmtif'J^^m/mitif 1 )^^ ••r>y^A 
(Ga 2 I n,-* N : 0Sz< 1 ) n«J»fc*f 
'J 7 Af<*i* <c p Jf^MbT ;u 5 - A • 

tf'J^AgAJl r/j «:££©#£ fcjjvf. ) o 

(b) (a) ©nfl2Mb7;U5-7A • if') 7 A (A 1 
20 x G a ,-x N : 0 S x sS 1 ) g/M{b#l> ^A • -i >V 

W(Ga z I n i- z N : 0 ^ z < 1 ) IS B B B #t, nB 
mtif')^)U (GaN) £M*»^€»/j:*gttJg/nfl^a 
{bT^5-^A • if ')^ um (Alx G a i-x N : OS 

xsi) /ffpi • «e«©ajtB«ji/p^bT;u5 

-^A-#'J^A (Alx Ga,-x N: 0^xSl)| 

/m2mfr<otez&k%&$t}m&. i2# r/j c±g?# 

©#4«r^-f) . dne©^«jit±-9-7 7'fT > j^fb 

a« ( s i c ) ^K^bffiifi ( z n o ) m<omtMt^m 

Slgtcti, ^7i-)i (Hf ) !?©£ 
tftjiry ^A (G a A s ) ^>'J Wb#'J 7 A 
(GaP) «©ffiDA««7ffi&©lll -VJKfb£*¥ 

«**g B B B g u < t± -> u n > (si) m<r>7tm mm * 
aHMSfttttffl-c**. f5jn©**^ii»«tSTO 

( o f f - a n g 1 e : i^t'ix >-f--> a > 
ft«) ^©f±#ti, (£iSM«e©fi!cfi^iC^figft*^(c 

40 U7A (GaN) ttt?^»^K*<0. 5 0 /o*^^l£/J^$ 
^'J^->A (L i ) tif') *)U (Ga) i&lHi U f-9 A 
t7^5^7A (A I) £©ffi^Kfb^T-S>*U^7A 
if-V-Y (L i 2 GaOa ) * U ^7 A7;U 5 h 
( L i 2 A 1 0 3 ) 3Pt>S*fcLTfl!fli-e#.S. 
[0 0 2 9] SIC, *(*B<)lc(±*JgBflK^*34<t^i»* 
««^£ LTiXI2©^*<6ilJ/TT^*. 
(7) a* (Si) *©n»K-/<>h^K-tf>y* 
'J7g®^ 1-5XI 0 ,8 cm- :, £L. HH^* 
2-8 wm©nffMfb*-U 7A (GaN) l*^/i*S 
50 1)B, -f V->*7Affl^JtSr6% (0. 06)£-r-5Mib 



(10) 
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#'J-7A -4-s*j*ju (Gao.94l no.oeN) *£Sf*:£ 

RtSAftj: o bfinTfemx-wgitj >->•-> a 

-^Ajfij£tt£ 1 0% (0. I 0) tnvnv-^A 
fcStttfK-trvrfcftfc** VTWtfc 5 x l 0 ,6 c 
m" 3 ~5x 1 0 ,7 cm- 3 iU Hl¥£5nmA^2 On 
mtnp«flI(t7^;-^A • ^ASH (A 1 
o. ioGa 0 .9oN) ^t>^-S^2g^^«fig$tl-g>^xn 

(■Y ) ffiH (S) H©nJgh'-/\'> h#K-tr>7"$tt 10 
/i. 'J 7gg# 1-80X10 ,7 c nr\ 1 
~6«m©nJgM{tJ!fy ^A (GaN) JifrfcttSfli 1 
Ji. -f >i?-> AfcfiRJt* 6% ( 0. 0 6 ) ~ 1 0% 

(o. i o) t-tzmititv • -Y >y->AtSS<*t 

-7Aifij&Jtfcjft 1 5% (~0. 1 5) it^^v") 
Atffit&*<^iD$nfc*f ■JTjtS* 3 x 1 0 l6 cm- 3 
~6 x 1 0 l7 cm- 3 tU JW£&5fr$> 1 5nmt« 20 

pfttomitjfrx-'ii* ■ if) <yi>mik (a i D . , 6 Ga 

X-tzftjfm^i&Z 4 8 0 nm~5 6 0 nmintl 

(-7) *ryrjftt*5x 1 0 l8 cm- 3 KTtL> HJP 
5:5-5 0nmffllItt4n)g©Hb# i ;')A (Ga 
N) aEiH±Mbr;i/?-^A • *f'j Ag&jifrt,fc.& 
ffllBi. -Y>v^Affi/jJcJ±^5%~ 1 0%tt%m<t 
if') -7 a ■ -i y ; J<^i>.frz>teZ>&i , B Wfmit7)i>~~^ 

A ■ if') ^Agfifciftfc ^ >v-7A 30 

(x) *+'J7iI££, 5xi0 ,8 cm- 3 aTtUI 
l?£ 5~5 0 nm^HHt-f ^nff^MfkT^S-^A 
•#y->A8M| (AU Ga,., N : OSx^l) frh 

tiz>%\mt. 4 y-y>^matk2% <o. 02)- 

8%(0. 0 8) tlr&mtif') ^A • ^ >>"7Afr£> 
tt£*S B B B &i*£ B B B ftJ: 0 fcH*p»j£©nJBS{tj!r 'J 
AgftJIifrLbft^ftll. SlIiiiWtt#*f,<t 40 

#Pll«x/:|6fgL< fiMK^MfU— y-^-f * 
— K. 

[0 0 3 0] 

[ftffl] S#*fc«ftfc©2fc«cJ:4JHI«»«tt, ISA 
tp'U tte&7?-t7't> fcSfaft©^ > •>" -7 A 
fc bt. E&JI'mtm > -7 A©S£tiJ§H*lil*l©&7t 
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Jt ©<ST £*S3£f * KfttflcS « ISftSiS £ fc 6 1% 
[0 0 3 l] 

imfevn *%m<owm&m<tif)<> a • ^ v^a** 

JlftiMfc#y ^ASftjf^/j^g&jf (383W) £ 
BBBfcy-f*— KOf^tc^fctJ, t7r-f7«±l; 
££(101) tL/:t7 7-f7 (a-A U OsWlS 

qb) o\$m (mm) it, wm&zm umk-t&r 

mw-ftmt (oooi)® mm, cm) t**-s. mm 
(ion o>mmtmtsntz$Mit, jtrr-fe h >n© 

q) t-tzfflm?'7mLtz&, i$®.(D¥mfai.m<D 

i^*EJS©7 vitry^-^ a (nh 3 F ) 

ffl L TKftfr I- te. * oaBtf iBtteKC «k 1 7 Kft 

[oo3 2] mmtLtz^yr^rmm. ( 1 o 1 ) *« 
<-mt3tM >9-a? 9mm&frr*L%%:mLizm 

v i a ( p d ) aamsaafetf ican*iR»^ sr«f « l 
rm&m^mztitzym (h 2 > ^x^s^tcji 

ffimsDsaMt-^-^ttju^aAL. s« ( 1 o 1 ) © 

Sg^mS*" 1 1 5 0t(c#iSLfc. S« ( 1 0 1 ) 4 
HSJSl-4 O^PbIM^L. ilSlco-9--v;UJiy^>7?r 

[0 0 3 3]^*^ SfitSD^s t - ^ -^(omi&m?) 

*&«i;r, (10 1) ©{IK* 4 2 OtfcfiTS 

#fc„ 4 2 otic^Tf*, ^mm^-r^imz s^n 

^L-fc,, C©rBllcRf5^f^-t-l.7K^*'x©»ftfi?r 
'J y h;l/UH»Lfc. MOCVD»E*P 
Wtc«g$n/iS«SE'v.|Dilj-TS* (N) ItLfc? 
>=e-7 (NH 3 ) ifZ&mft\ ')y I- WVr&Xim 

ft. 7V=e-7#X©M0CVDS)S*P^©^t*8 
^Lfc«ffir% ^'J^A (Ga) S©fltt&*BBteL., S 
1tif')1L> (GaN) fr<E»S*lga^»S (10 2) 5r 
ftEMOCVDaiciiJ^ilLfc. ±1B©#'^ Age 
(4, ^iS^XlSfflWbU^^JU^U^A ( (CH 3 ) 3 
Ga) ^rfifflL/i. h 'J *=f-)\,if') <y A©SJ£*PF*5^© 
««S»tttt»2x 1 Q- a ^)it Uz. UiT, mitif') 

^a (GaN) ffi&mffimof&mmicmizv/ \\\& 

im2. 2 x l 0 A tts.-z.tz. h <) * ?)lif') <^L*<DK 
(aFA^Cflttefc 2 0^P B «MLT. )|J9^ I 5 nmt 
tzmmmm ( l 0 2 ) Sr^fc. SffSTEMSSl-J: 



[o o 3 4] mm:®m ( i oj)_ jommipj <? as 

t Uz b »J ^ ?;U*ry ^ A©$ftRjS^©<&jg£|?ih 

#x©3ii*£ 3 U 'y 7>*^7#x©bS«£ 
1 'J y Lfctft«#TT% g« ( 1 0 1 ) © 

1 1 0 0t(c±#$-a-fc o S* ( 1 0 1 ) ©Sffi 
*M 1 0 QX{z3\MUzm&X'7tmxx<ofcfcfc^<D{& 
*££«#3 'J? t-lW&RZb-oXnfflLtz. WilLX 

ry^-rjfzcDKfcp^tDimmz&fts u 7 bMz 

^L<t,nmm<omMzwomm (ion ©?sk©;£ 
mwm h gtmrn £ titzmgx\ ±i2©# y as & 

RiS^f^ Lfc. # y <y ASti i 3 1 (cffit^f $ ttfc$ 
& h y ^ 2 o 5 y y y h ivm^mif 

fc. #-y A«©3ia«:Biff-r*7jc*/<7'y >m© 

R)S^©»iBCPH$-B-T, (S i ) ©K-f> 
rtfxfcEJfcjFNKIftLfc. Jin© K-tfv^xtc 

(S i 2 H 6 ) #X*<8fflL/c. ->'->7>**XWi^ati 

fe» i o s y y -y l/c, 3tr u oi*mmo{m* 9 

0»MKM0«1*LT, *^yr«K«r«3 x 1 0 18 c 
m- 3 tU HJ?^3. 2 um(Dnm<om.itif>) ^AJIfr 
e>fc*T«Mi (10 9) Srfltft;* -ttfc. 
[0 0 3 5] <X(w, S* ( 1 0 1 ) ©SJf £ 1 1 0 Ot 
*^*S B B B ft©ffM?SKi: Lfc 8 3 0 1 C« 1 0 
TZlttz. SIKiSg £PTF Pal l-t±* KfcP~.(D* 
*>)7ifZtLX<D7mif*<D{mZ<¥lkLtz„ 7V=& 
-7#X©giS£§#6 'J v b ilJ&U'r ll=Tyifz.(Dtfl 
»*«#3 y -v LfcSljfettTCR^T, #'J •> 

-WVy' 1 )/. (Cb Hj I n (I) ) fcAJBLfc. m 

10 6 5tK«J$U ^L/c-Ov^AgcDimii^ 
1 2 0 5 y y -y h/b©7K^#x(cJ: OSEj^fli;: 
ISttS ftfc. # y 1 ASttWFJMffiMKJ: "3 0 1 C« 

l#U «£3 . 2 5 y y -y v iv(o^mmmirxxELi^ 

tpmmwLtz. if) 'yi^jkzfj >*jii,oteto9m6 

S (III loci©i^=E;i*©^i) CJftif/y'O 
A©ttl&« (=e;HS) ©Jt*. ^tIB-t >v^A»mffi«i 
fiJcitti^fi). 0 . 5 ~C<&> -3 fc 0 iS x ) *j L. jjf&o-y > v 
A«©#tt&&7. 5»«CM«JllWLT, -fVv^Affl 
j£i±£6%(0. 0 6) t-t&mitifV W 
Afrfcftfifls (10 7) kBJ&Ltz. &fitt©9i!F (ffi 
£) lift 3 0 nmfS^:. f A&j&ttlill-© 
fiS^f i t : TT-f#«iti/-cMt*'y ^A • -f >v^Afc*H,{* 
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#&3 8 4 nmT-fe^c: t^Sl-LT. ^ftt^T^ 

. 3>MJt#±?.J* :J >:>" ** 4Mtefe!*«*jHnt& rf 

>v^AfflfigJti:©KI^EI 08&BS5 5 — 3 8 3 4 -^-^ 
*^»£L/c„ letSflHOffStt, BMIfWrBT 

em (msaM?mtm) mz±z®gfrc,fmuc 

[0 0 3 6] mt#>) ->A • -f >v^A^ B B 9 ft ( 1 0 
7) ©ffMSr^^fc^. ±ie©*'y'>A^ 

10 ■> Aj|i©^ft^^ro{4^»iiM?r 1 5 5 'J 'J -y b )l/ftlz 

B$tc. Jl^ (Si) RVrnm (Zn) ©K-f>rs© 
^*ft&BB6Lfc. ifOK-evmctt, ±ie©n 
B&ittrVVkM (10 9) ffl«MLfcy->7> 
(7K**«^5ppmS i 2 H 6 ) #X£ffifflLfc„ v-> 
7 >#X©gftMt±, ^ 2 0 5 y 'J y h t L 

tz a m&O K-tr>^(cH#8WJSKLT» 1 0 0 p 
pm©^S7K**'XT"#|R$nfcvif-;l/ffiifi ( (C 
2 H 5 ) 2 Zn) £fi£ffiLfc. vx^;UM|fi3yx©gftM 
20 l±45#4 0 5 y 'J >y h;Ut-St Lfc. Mttf'J A • 
f VvWm (10 7) ©^«r^7 Lfcil^i^ 
>v? Aj)gffi7j<«KS##X©^«?r^ 1 5 5 y 'J -y 
h ;KC^L*r*>t.iE5ilc 5 flflgaWtT, ±8E©-r > 

A)f.©^m5rraff-r-s.7K*©^t*5r o 5 y y y b>v^t 

m'PZ-ittz. IP*>, ^3 5 y y -y h;U©ffl-g-PW >v 

r >ASRi#7yx©i!sa?ri«L;/'c. cn=to. -tvv^a 

(In) tS* (Si) tffift (Zn) ^K-tf>7$ 
ftfeSftjiTv" A^€»<t«BJP ^ 1 0 nmffflg 
5r,^8 x 1 0 l6 cm- 3 tf^fft| (10 8) SrffML 
30 /-c 0 BLhEaLtelSJMt (10 7) tSftl (108) 
©2*B«fc0SttJi (10 4) 

[0037] sffii (104) commm itz^ m 

* ( 1 0 1 ) ©S)I5rBt>\ 1 1 0 0tlc±#$-«-7c. 

sa©}f'ii , ^^i-^iiiBBtf#ffl-t^rBi(c> fi£g*pi*i 

^3 y y b;L-/»©»it»5rfc-3T7j<il7yx©f^5rHP^ 
Lfc. 1 1 0 0 1 icija L T^) 2 tfPBlSriiIJi L TSJt© 
ffi h &im>b tt&itztmtbhntztztb, fSjB&ft^O) 
tfV^^MRtfTJU-^itm&maLtz. if 'JO A^ 

r-fe^» h y y^^yyy '/A(±s^SfiSWcJ;<9 1 3t 
40 izffiSLtz. b y trfrifv oi*<r>m%z$mirz>>*-? 
y >rffl©7K^7yx©»sa(±^8 . o $ y y -y h;ut 

Ltz, -ft^ 7)V~.-<yAmzi±b>)*?)l7>\s==-'y 
A ( (CH 3 ) 3 A l ) SrftfflLfc. h y y?^7;us 
-^A(±a^iC®S»cJ;0 2 OlC©fifflK(»J#Lte. 
MtLtzb <) /?)l7)ll-Ol>0'<-7<) >yiz{%t& 
7K^*-X©gitfi(± 5 . 0 5 'J 'J y h )\,/9tt Ltz 0 if <) 
^AgRt/7;U5-^AS©^€r l 0^mi=MQMOIt 
LT, @l?Sri^ l 0 0 nmt-f *p7T*©M{b7/U$-'> 
A • #»J ->AfI a B B )i$r±gC^7'y KH ( l 0 5 ) tit 
50 f&^LTc. (5)Jg ( l 0 5 ) ©(SfiB$(Cli. p^©K-7\- 



* »21 * . 
>h£LT^r*->7A (Mg) bhtoLtz. 

^«y->A (b i s - ( (CHa C5H4 ) 2 M 
g) £fiJfflLfc 0 K-fV/^/cv^y^AWgf 
Sgli 2 fc-f * >Stt##T& (SIMS) fcftfttf , ^ 
2x 1 » l9 cm- 3 ?^fc, -$6*Ktmfi?C-V 
mx-MZZtlZtt*??"; KB ( 1 0 5) ©Hffi©*- 
^ (IE7L) mmifo 1X10 "cm-^^fc. 
£*S©7* ^•ytr>x (PL) X"<? h;U©/<> 
K»S*^»aiL/-c±g|5^7'y KJf (10 5) ©7;b 
^-7Aj&j&(+ l 0% (0. 10)T?*ofc. 
[0 0 3 8] S<b7;U5-7A • 7A*g B B B (A 1 
o. ,oGa 0 .9oN) frbteZl&Vvy m (1 0 5) ± 
icii. ?n->W (Mg) £ K-hrv^Lfcpfl^g 
{b#'J7A (GaN)I«:3V^?M (1 0 6) £ L 
Tl£«Lfc. M ( 1 0 6 ) 0** U TWSttiB 6 x 1 
0 ,7 cm- 3 £U mmii&il 0 OnmiLfc. nv?? 
MI ( 1 0 6 ) ©j£ft»7», 1 1 0 0t <fc 

0 2 0t/#©#£P&ffiT*8 0 OUzftfiLfc. UK, 
8 0 0tK»Tl,fc&, iia«lcjESi(^ 2 0#F«!fL 

[0 0 3 9] Stt® (10 4) ©fSBISg ( 8 3 0t) 

j:9Ks ( 1 1 0 or) (DmmTX'O&ftmm&tmL 

fc&tc, H»P*tifc3g3t»S:irBTEMtt(c«t«JW(SL 
fc. II 7 K*»IBIi6*- KT-tf (% tsfttz%L9L$><»7 E M 

m&fo ('1 0 7) o^<i±a{b^u 

7 A ( 1 0 9 ) ©&ffi±(;:ft»K fiSKBSfcfgOilL, 
T/1«&:*fcfcLfcfciffifti**l*|gfl# ( 1 1 7) 

2 4) fcflBBSttfc. 

[0 0 4 0] JfML^Jf^^ffl^T^^V^- K 
(LED) fcfFSLfc. nJ&Ni (12 6) 

ICx-y^v/^LT, ISLf:niIWJ->A (G 
aN) *»6tt*Tttll (10 9) CffliKiMLfc. 

pPS ( 1 1 9 ) t+3>? ? YM ( 1 0 6) ± 
izftM u fc. m 8 iz L E D QMrSfl&H fF« L 

fcL E D K**|fii(c 5 X)l M V ) *I«©«±££P)!iD L 
X 2 0- 3 0 5 U7>^7 (mA) ©JH£|Sl©S8it£ai 
ilL/;tC5»fe»l67 1 6*n#'infc (1 gftX^PHUO 
tf'C^fttt^R, 4 4 5 nmf*^:„ ^W&SS^ftLh 

mtD-fmte^xirvmmx-t-ii k Lfc&u:$ij£Lfc 

5t^tH^(i, 1 . 0 5 'J 7-y l-gg-e*of; 0 ^ft* 
AUKS 2 -T >fW)x^©a8J: DM 7 rami ^F^fl 
(**») ©ffi«KfPK*nte, |$8 0 0 0{I©|*)©^ 
6 0 0.0{§©&q D D L E Di;^OT> ft'hT-0. 8 mW 
T\ft*l. 2raWi/^fc„ ^TtJb^Jtil. 0 ± 2 0 
% t tt *> fc 0 *Hife^J(clSSc L -S> L E D 
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LED©-&n(cJt^. ft 1/2 ©3 0nm8fltfc*|Bfc 
*#*W$tifc„ 

[0 0 4 1 ] ±ELfc^S*ft3ttf(c»fP*frtsei\ 
±IBLEDffl^©7^/N (8Wft) |£Sfc5IIIRaL. 
fc. H9&1/01 0li#7x/N^f,fpS$n/-c#feLE 
DroftHto&S&ftX^? bfrZm&lbtzbOX'&Z. Z. 

*|S](-2 0mA©«SSt£8&JSLT8J£$ttfc o fgft©* 
10 <Cf«ft»i'>*MHI-?sp^Lr4 4 8nmT-£>^/i. JBfc 
*'Dlfc5 (12 1) ©151-14(4 4 4 8 + 5 nmTfc-p 
fc. SlftX^? h;u±ffl-o©ft»£(±, ft 4 3 0 nm 
jfifcrofitMCBJifcttfte-? (12 3) ##ftTr-s>c 

S ffifctpikfr h ©Wfe^^TttcSaill- « t <DX-& % t m 

h;u©^fiitS (12 2) (±a;i|SLfet©i*ofc*< s EI 
9 (CM /Tx-r-i»$a < ¥fl*il±¥l^ LT 3 2 n rat* 0 , ft 
/M±3 0 nm-e<fc9ft*( + 3 5 nmT-*o/'c„ H^(SjS 
20 SS{I£2 07^?D7V?7 (juA) SStSSSlc/hi: 

tf, &ft5 0 0 nmifi^ro^fe^lcail^/ii^^TtX 
h;u*<diS-r*ctti%if/«i:^©*<Sit>f)nfc,.. L 

* x L, c©ffiii^iS]m«ft!c^(7-5^i + wfe : ^©ik^ 

x^<^ h ;uo5tBEcJtiW-*wi» 1/10 0JrF©«p 

t£t><DX'$>'ytz 0 

[0 0 4 2] (JtRM) S*<h LTH» 1 1H*©^7 
7-f7CMffll\ c©S«aE±(cH^J(c|S«©fi!c 

&&ftRVfmm.mm\.K r> h--7'M{t* ,| j 7 a 
30 (GaN) friKzisfaMmm&imLtz^ mm (s 

i ) Z b'-tz'y7ltznBOW.1tir>) •y^^Ti&Mt 
LXJ&f&Ltz. 

[0 0 4 3] fi!cftfiS5r 1 1 0 or*^±|BH 

mmtmc< 8 3 otKP&ss-ts-fc. s<s©fis*^s 

•T-5©*Bltt>-9)t±T, -f Vv7AfflfigJtSr 6%tf 
imtffV 7 A • -f >v7Ag B 3 B S©figg^r^L/Co 
S*fe^JJ-IEttL/s#'J ^AMV >v7A© IHMm 
ro«^5r 1 2. 5»ia^M0«»LT, lgj?£&5 On 
mt-r^Stt©SttB (10 4) t^Lfc. ffittS ( 1 

40 04) ©a®f-i±> -< >->"7 A©^©^ic®ia-f ^ 
tji^^ni., iifijp<j/aiHiaT*i+^ot©©ffiffiW^ 
{RZfii-znBtt<o%M#&mzv>t>titz. c©Jitt© 
SttJI (10 4) OJgfiR«Ft(±, *©0B^J: f)Hte^J 
f-IE«cL/cvv7 t vi^;UMIS5rfiJffl LTJi£ 

<r><mfkmmtmt-k<m-tuz. w*>. Mt#v 
7 a • y >->-7Afi B B a g{tji (io4) om&t^mL 

50 S»4 0 5 'J U -y h;Hcil«fLfc. C*lJ:»), ?SttH 
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(104) <ommi5mzmmtw®''k®n^ftftt5it 

-a^©-t-tift<. m- ®frz>mf$.2hx^& 

v - 1- > zmztzft-mfr h tt &6E#©sffli x 

[0 0 4 4] ffifflltfH >v7Afflj55cit£. ^£©7* 
h/l/5*'y-fe>X (PL) X<? h;U±|ctb^-r-&t $ 

tiz&mmi&o^? biifr^nfeL^o tun l 
fc. LU S(t#'j 7 a • f y-yy^mgk^mmztiz 

f-?ti. «§^3 7 0 -^410 nm©iS^I-«(Cl± 
B^W(C^tH$n-f, 7* MU5*.y-tr>X (PL) 

tz. zvmmt Lrti, ( i ) ^mms^mm^m 
0%%.<r>tzibiz®.mx&z, ( i i ) mmm<o v-t— * 
smwm'&X'fflELx^zmzii, wmttism-tz e- 

?*<&&©«&(;: «fc 9 ?8S-t-i>, (i i i) 5gytlI©JI 
Jf #7 * h ;u 5 * -y -tr v xiJSicii^S (mm&±) X 

ftfrofc, Z<Dtz&^ Wlnl5W.t LXS I MS^IfrlcJ: 

mi') vv^Ao-f^-vsts^itiijLT, -e© 

aflEJt* h-iy v 7 AfifltJt & *£B L fc. -f * >S0K 
afiEffiMCftfc L # < gfb L , -c > v 7 a <DffiH<0 

t n*^ > v 7 A-r * xom^n&tf 
mmtstizm®. bm&^ntz. #>) 7 a t -r >->* 7 a© 

&gjta^*aj Lfc-f >v7Affl^tt«r¥iii-rn(f, ^ 
0. 0 smmx'&itz. 

[0045] mmmum^&^mi: 1 1 0 otc#s 

©S<t7^5-7A • 7ASS*^^*±SP^7-y 
KHtfKp^©B<b3try 7 A (GaN) ^i43>^ 
?Mi£. K&gtllS-tH!:. H»Jtz|B«©J@JlSr«L 

T#ip&, MK&7>\,zt's<(* 'szmmbtzj * >-> > 
mtmomf&zwL&Ltz. mffiTEumxmwzntzii 

ism L T i^lfKEW L fclfrHftfr L T t , *ib 

x$>r>tz. itz, pj&±»9 j 7vmt%xja<»T9(o 
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v-tjvmwm'jmz nr^i,!*^© t ©-<?& 

[0 0 4 6] *Jt««aj-ef§teSWflsS:flifflLT, H*tefi»J 
CE«4:PI-OLED«:fF»Lfc (B9£!H) . BS2 

-f v^roviMroatf^fficsWtsnfcfti 2, 000 

ffl©LED©«Ftt*7*a-/<-cj:»)«aELfc. WKft 
fttiAS£fitt/£& 4 . 5 Vtl, J«£|d]*S&& 2 0 mA 
10 fcLfc. LED^&Ojytfett^— LEDC 

ftoTffc Wife, «fe*£jtfe, #fet#^r-$,o 

£#©&1 5 96»LTVfc. l«;£|S|SSt£2 OmAtig 
3E L/cii^. ^2W^S©^ 3 0 % LED 

©**^3t*«*^4 6 0 H$4 8 0 nmtt^f (W 

«KJtLT|*i;Tfi<, m*X-m0. 6mW|Itt(cS 

i^c. cnti, ^ytg(c-r >v7A£ffitata<ig&L 

20 T^*^3tg-e*oTt, -T >->*7A^g^^fig-r^ 

oTam5rSl?$^^C t^rlSwLT^-5. n&Z^-f 
-5 L E D ICS, o T , I6^|a|«%ffi(c J: o T£H7tSg 

0/£Ak<fi^»#H«fi5 1 0nmkt4»fet«fflX 

^ h;u#tbSL*a^ iSt©LED©i!jfpmgt©eH 

lc*>-5 2 0mA8£li^(c(i, ^©ix^^ NHJiie 
LT«S 4 6 0 nmjg^©»fe^(c^f L/C IP%, HI 
30 ^|Sl«a (ftfWtSR) fctt&UTJBfeSft (»3tfe) 

^>tz 0 ipfof&tzit h)vo^mmit, %yfp>\j%L&tf 

*\ "*''D&fi£#j4 6 0 nmk-r^Wfe^TtX^^ h 
;HC-9l>Tli¥i£)LT^5 Onmfiofc. * 1 I^Wfe 
^7fe?rS-r^*lt^J© LED t±U(DWm^%h 
*LEDk©^tt, ^tCiS^ttWMf *^Htfc-3 
^T»*t*. #rtW(c&b£t£fc©«J&©H7t)B£ 
W-f^LEDti. *J6WCftb*1fift©*Bfr&<C*S£jt 
40 1* b« Lfc LED (Cjtl^-rntf , SEytftS^tfKJEJt 
tp -Lx^ ? h ;u©*fiWs©iS|-ttic^i^^ © t ^, 

/Co 

[0 0 4 7] 

[«1] 
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26 



mm (mm) <mm 












n 


¥3fBW.£.sS!6 U) (ran) 


44 8 


460 -480, "5i0te" 




Sfcg (X) ( ran ) 


X + 5 




a 
s 






* 


M^flPHM (ran) 


30 


50 


w&m>m c nn ) 


32-35 


45-72 


ft IB £ 31 







[0 0 4 81 [ffi#0>6ti9i] 

am) tLrwiz.r&m-&-rkt>, &&&tm#mt* 

5WJLfc«ft©ffi*e>fc*ffittB (Sgftjf) J; 
0 , tt -5 L Tff * z t tfsite t tt 20 

¥tik®ft±tt£r>xmmzti*. ( i ) 56^*iC>^ft© 

BStt. ( 2 ) 583fc*'ij»g«>i9-tt, ( 3 ) fgftx^ 
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